Objective. The objective of this study was to determine the visualizing rate of fetal kidneys at various gestational ages in late first trimester (FT) and to establish the clinical significance of their two-dimensional ultrasound (2DUS) appearance in the FT. Methods. In a prospective cross-sectional study, 1456 women from an unselected population underwent a detailed assessment of fetal anatomy at 11+0 -13+4 weeks of gestation with the use of transabdominal sonography. Information on the ultrasound findings, antenatal course and perinatal outcome was obtained in 1331 cases. Results. 44 cases in which a congenital kidney disease was detected by ultrasound in the prenatal period were identified. The renal pathology was suspected in the FT in 8 cases, and confirmed by a standard test (postmortem autopsy or second-trimester scan) in 4 cases. The standard detailed second-trimester scan at 18-22 weeks diagnosed another 23 cases but refuted suspicion in 4 FT positive cases. The third trimester added another 17, all confirmed by the postpartum scan. For FT presence or absence of congenital renal anomalies, sensitivity, specificity, +LRs and -LRs of 2DUS were 9.09%, 99.69%, 29.25, and 0.91. Conclusion. FT prenatal kidneys' visualization is critically dependent on the gestational age. FT diagnosis holds uncertainty. An early diagnosis carries a risk of providing a false-positive or a false-negative result, because the differentiation of the renal system is delayed or the diagnosis is not amenable yet to prenatal ultrasound. No FT findings can exclude the mid-trimester follow-up ultrasound scan. Second and third trimester scan are relevant for congenital kidney diseases.
Introduction
Due to recent improvements in ultrasound (US) technology the fetal anomaly screening in the late first trimester (FT) became a reality. Recent years have forced the diagnostic of all major cardiac and extracardiac anomalies towards the first trimester and today there is proof that most of them are accessible under 14 weeks [1,.2] .
Recent guidelines for scanning in the first trimester recommend fetal kidneys recognition [3] . Yet, like in many other systems, the prevalence of the congenital kidneys anomaly varies depending on the time of observation: fetal life less than 14 weeks, less than 24 weeks, more than 24 weeks, neonatal, infancy, or childhood [4] . Unlike other systems (e.g. the fetal heart, which is characterized by complex development process in early gestation, being fully developed at the end of 8th week [5] ), the fetal kidneys are evolving through the second and the third trimester, the most active phase of nephrogenesis being present between 26 and 34 weeks of amenorrhea (this process being complete after 34 weeks).
We performed a prospective study in order to determine the visualizing rate of fetal kidneys in the late FT (11, 12 and 13 weeks of amenorrhea), to characterize their FT US appearance and to establish if these features are related with the second and third trimester aspects and with the neonatal outcome.
Material and methods
This is a single center study performed between January 2011 and April 2014, in cases attending our Prenatal Diagnostic Unit (PDU), County Emergency University Hospital Craiova, Romania, for FT screening for aneuploidies (by nuchal translucency-NT and maternal serum biochemistry). Inclusion criteria were: singleton pregnancies, with a fetal crown-rump length (CRL) of 44-74 mm, detailed anomaly FT genetic scan in PDU (using an extended examination protocol [2] , ST and TT available, known pregnancy outcome. In continuing pregnancies we included only cases in which the second trimester screening scan was performed in our unit or the cases that finalized with birth in our hospital, making the postnatal clinical exam at discharge available. We recruited pregnancies consecutively, following the referral by primary or secondary centers or after selfreferral. The exclusion criterion was the loss to follow-up.
US examinations were performed using an E8 (GE Medical Systems, Zipf, Austria) machine, equipped with 4-8-MHz curvilinear transducer. All scans were performed using speckle reduction imaging (SRI) and CrossXBeam CRI.
The scans were performed on a daily schedule basis, in the Prenatal Diagnostic Unit, by any of its members. They include two obstetrician sonographers and five trainees. The trainees have had, at the beginning of the study, various levels of skills, varying between 2 years and 4 years of experience in prenatal diagnostic US. They all had previously attended a 14 days training course on FT fetal scanning. The first line sonographer (the trainee or the senior obstetrician, upon the case) was informed upon the patient's history and personal data.
In the study it was recommended to store, for each case, at least: a transversal image of the fetal pelvis or at least two longitudinal parasagittal section of the fetus, with the spine in an anterior position, for attempting to visualize both kidneys.
The ST fetal scans were performed by all unit members. Newborns data were retrieved from the clinical hard copies files of all cases, from the Neonatology Department. The neonatal clinic exams were performed by the attending neonatologist, also the ultrasound exam if indicated. The neonatal team already has a protocol for the timing and content of the postnatal examination and this study did not alter the clinical practice [6] . The clinical assessment is usually performed before discharge from hospital by a senior doctor, but may also be performed by a resident doctor.
Although the population was unselected, we do not consider our participants a low risk population, but a medium risk, as being a tertiary center, we examine referrals from primary or secondary centers (approximate 20% of the study group). All participants were offered the FT unit anomaly protocol and the ST anomaly scan. We obtained approval from our institutional ethics committee (Ethical Committee of the University of Medicine and Pharmacy of Craiova) for the study. All women had provided verbal informed consent for the use of US images for research purposes.
In the PDU we offer invasive maneuvers (chorionic villus sampling and amniocentesis) on daily routine.
Throughout the study period, in cases with severe anomalies we advocated for medical TOP, regardless the gestational age (GA), as fetal conventional autopsy is still the gold standard in diagnosis of fetal abnormalities [7] . If medical TOP performed, a specimen autopsy was attempted. Autopsies were performed by trained perinatal pathologists and followed accepted protocols [8] . Direct communication with the pathologist was present. Information for the pathologist was provided and included the obstetrical and medical history, the invasive testing results, the US features, and the family history. We considered the standard pathology test obtained if autopsy photographic files were available. The autopsy photographic files were obtained using a Sony DSLR A200 camera (10.2 megapixels), and a Leica IC80HD digital microscope camera (3 megapixels). Sensitive instruments and strong illumination were used.
Statistical analysis -study design allowed us to construct a 2×2 table of true positive, false positive (FP), false negative (FN) and true negative values, in order to calculate sensitivity and specificity with 95% confidence intervals (CI). We calculated estimates of sensitivity and specificity with 95% confidence intervals (CI) by comparing antenatal findings with subsequent verification of diagnosis either by mid-trimester, third trimester scan, postnatal clinical and US examination or postmortem. We choose to report also positive and negative likelihood ratios (+LR and -LR). Statistical analyses were performed using the statistical software IBM SPSS Statistic 19.
Results
The flow diagram is presented in Fig.1 [9] . 1456 fetuses were examined during the study period. Follow-up was complete in 1331 cases. 44 cases in which a congenital kidney disease was detected by ultrasound in the prenatal period were identified. The lost to follow-up rate was 8.17%. The median maternal age was 32 (range 18-43) years, the median gestational age was 12.4 (range 11.4 -15.5) weeks, the median maternal BMI was 21.24 (range 16.5 -36) and the median CRL was 66 (range 44 -74) mm. In our study population the prevalence of congenital renal anomalies was 3.31%.
From the 44 cases identified prenatally, the FT scan was positive in just 4 cases. We had another4 cases false-positive in the FT, all confirmed as normal kidney in the second trimester, third trimester and postpartum.
The visualization rate of fetal kidneys at 11 weeks (between 11+0 weeks and 11+6 weeks, CRL between 44 and 52 mm), 12 (between 12+0 weeks and 12+6 weeks, CRL between 52.6 and 66.6 mm) and 13 weeks(between 13+0 weeks and 13+6 weeks, CRL between 67 and 74 mm) is represented in Fig.2 . The renal pathology was suspected in the first trimester in 8 cases, confirmed by secondtrimester scan at 18-22 weeks in 2 cases, when no associated anomalies were detected. The standard detailed second-trimester scan at 18-22 weeks diagnosed another 23 cases. The third trimester added another 17. All cases diagnosed in the ST and third trimester were confirmed by the postpartum scan.
Our final results regarding the FT antenatal suspected diagnosis, the type of evolution and the pregnancy outcome are summarized in Fig.3 . In 2 FT suspected cases additional structural or chromosomal anomalies were present.
In 2 cases diagnosed in early pregnancy with mild pyelectasis, the disease eventually regressed: in one case it resolved spontaneously and in one case the pyelectasis remained minor in the second trimester.
From the 6 cases early diagnosed with pyelectasis, two were associated with chromosomal anomalies.
We found 2 cases with FT increased echogenicity that had no clinical significance.
Contrary, FT normal findings did not exclude severe congenital anomalies, which were subsequently diagnosed in the follow-up second and third trimester scans.
None of the parents refused postmortem examination after the induced abortion. From the cohort that entered the study, the postmortem examination or autopsy workup was attempted in 14 cases. In 12 cases the pathology confirmed the prenatal diagnosis (2 cases of congenital anomaly and 10 cases of normal kidneys), and in 2 cases detailed pathologic examination was impossible because of severe autolysis or fragmentation of the fetus secondary to TOPs.
The sensitivity, specificity and positive and negative likelihood ratio values and diagnostic odds ratio with 95% CI for 2D FT ultrasound techniques are shown in Fig.4 .
Fig.4. Sensitivity, specificity, positive and negative likelihood ratio values and diagnostic odds ratio with 95%
CI for 2DUS method in detecting congenital renal anomalies.
Positive 2DUS scans diagnose congenital renal anomalies with high accuracy (specificity 99.69%). When negative, 2DUS identify fetuses with normal kidneys with very low accuracy (sensitivity 9.09%).
Our results showed that, in first trimester, + LRs for 2DUS technique were 29.25 proving moderate to low evidence for ruling in congenital renal anomalies. -LRs were 0.91 showing poor evidence for ruling out kidney anomalies.
Discussions
As many other systems, the kidneys' visualization rates are linearly dependent on the gestational age at presentation.
Our population study is too small to draw conclusions. Still, we confirm that FT US holds for FP and FN results in terms of congenital kidney diseases [10, 11, 12, 13] . Early FT scan cannot reliably diagnose any kidney pathology even if using high quality US systems. Our study results confirm that the diagnosis of normality or abnormality of the kidneys is difficult to assess in the FT, and that the long time evolution of fetal kidney's diseases is virtually impossible to predict in early pregnancy. Most congenital kidney diseases are either not present in the FT, or not detectable, and the kidney FT appearance may be as well unremarkable.
Concerning long-term counseling after FT anomaly scan, reference to fetal kidneys evolution is unadvisable, both in cases with mild abnormal US appearance, and in cases with normal aspects.
In our study we demonstrate that FT scan has high specificity and could be useful for assessing normality of the kidney, yet -LR is almost 1, showing minimal decrease in likelihood of disease.
We consider that FT scan for kidneys abnormalities is not a very helpful test due to the low sensitivity that can lead to a large number of false negative results. Second and third trimester scan are more relevant for congenital kidney diseases.
Maternal anxiety is almost equally profound before invasive maneuvers and before noninvasive ones [14] , like the ultrasound exam.
And there is no evidence that an earlier prenatal diagnosis has a less long-term emotional impact than later in gestation [15] , the psychological side effects of prenatal diagnostic procedures being a reality of nowadays medicine.
An abnormal US finding, although minor, always leads to parental anxiety and emotional confusion. After identifying a FT marker of abnormality, we should be able to clarify whether there is an important feature or not. This attitude proved to be very difficult in cases of suspected kidneys anomalies. On the other hand, diagnostic of an abnormality must be correlated with the test's accuracy, and in terms of minor features in the FT, as pyelectasis and hyperechogenic kidneys, persists vagueness in definition and incidence [16, 17] .
To illustrate, we present two of the cases with mild pyelectasis in the FT (Fig.5A and 5B, and 6A and 6B, respectively). Although they presented very different outcome, both structural anomalies showed similar findings at the FT anomaly scan: pyelectasis appearance and normal kidney size. In terms of antero-posterior diameter of the pelvis, the first was much less ultrasound symptomatic at the FT scan (see Fig.5A first row) than the other case (see Figure  4A first row), yet the ST scan showed a much more severe evolution (see Fig.3A second row and Fig.4B second row) . The most important feature for the first case was the increased echogenicity of the renal cortex in the FT, yet with a pyelic diameter less than 2 mm. For the first case, pathology was instrumental in confirming postmortem features. To our knowledge this is the first report linking the FT increased echogenicity of kidney parenchyma to early ST development of multicystic dysplastic kidney (MCDK) by serial scans, and the published literature does not offer sufficient information in regards with FT appearance of MCDK. Many cases had FT kidney images qualified by trained sonographers as "normal". Subsequently development of unilateral MCDK ( Fig. 7A and 7B ), complete non-functional kidneys (Fig.8, 9 ) and severe congenital hydronephrosis support our conclusions and confirm previous reports on natural history of congenital kidneys' diseases [18] [19] [20] [21] . 
Conclusions
First trimester scan should be seen as a screening tool, despite the growing resolution of the machines.
Integration of high resolution US technology into standard clinical care will require thoughtful changes in patient counseling [22] . We do not need to increase the anxiety of the pregnant women (or the anxiety of the couple) before we can give any reliable explanation of our findings, because kidneys may appear hyperechoic in the FT, and may present pyelectasis appearance, without any subsequent abnormality in almost all cases.
Our results underline principles of uncertainty, and lack of correlation between the FT and the ST/third trimester/postnatal kidney findings. FT scan has reached perhaps the point where guidelines for scanning must be accompanied by guidelines for counseling in respect to FT findings, as they do for the ST scan. A correct diagnosis is essential for adequate counseling in pregnancy, and kidneys are inaccessible for the FT diagnosis. Clinicians involved in antenatal diagnostic should be competent, tactful and aware of the FT scan limits when counseling about suspected kidneys congenital anomalies in early pregnancy.
